Background: Urinary tract infections (UTIs) are one of the most common infectious diseases in clinic. Urine flow cytometry is receiving more and more attention due to its rapid forecast of UTIs. Methods: The Urine Flow Cytometer UF1000i has a series of software programs to quantify bacteria (BACT) and white blood cells (WBC), and describe the scatter diagram of bacteria. The UTIs were predicted based on the cutoff values with the Receiver Operating Characteristic (ROC) curves of BACT and WBC counts. To evaluate the diagnostic performance of UF1000i for UTIs, the sensitivity and specificity of 889 urine samples were determined in comparison to the results of urine culture. Meanwhile the bacterial morphology indication of the UF1000i was evaluated in order to help doctors choose antibiotics. The angle of the scatter cloud with the x-axis was used to classify the infected bacteria as bacilli (< 30°) or cocci (≥ 30°). Results: The best cutoff value of BACT counts for predicting UTIs was 119 per µL, and the sensitivity and specificity were 95.5% and 88.7%, respectively. While the best cutoff value of WBC counts was 81.5 per µL, and the sensitivity and specificity were 77.6% and 76.7%, respectively. In addition, the best cutoff values for females were 583 BACT per µL and 137.5 WBC per µL. They were much higher than for males (118 BACT per µL and 91 WBC per µL). The coincidence of the bacterial morphology information between the UF1000i software indication and the bacterial actual morphology identified by urine culture was 83% (bacilli) and 68% (cocci), respectively. Conclusions: Data demonstrated that the performance of BACT counts for UTIs is superior to WBC counts. In addition, the bacterial morphology could preliminarily be predicated by the scatter diagram. Since the urine flow cytometer UF1000i can provide the data of both BACT counts and the scatter diagram, the urine flow cytometry was regarded as a suitable method for screening UTIs. Moreover, it would be better to take gender into consideration when setting the best cutoff value for diagnosis of UTIs in clinic. (Clin. Lab. 2018;64:xx-xx.
INTRODUCTION
Urinary tract infections (UTIs) are one of the most common infectious diseases in clinic and threaten the health of humans, especially women and older men [1] . Urine culture as the gold standard test is widely used for diagnosis of UTIs. However, it is time-consuming and labor-intensive. It usually needs 48 hours to provide the detailed information about pathogens as well as the sensitivity to antibiotics [2] . This means that the suspected patients would have to suffer a delayed treatment. Recently, an automated urinalysis system has provided advanced technology for diagnosing of UTIs. Compared with the gold standard test, it is a convenient, cheap, and speedy method to avoid unnecessary urine culture [3] . This instrument is the UF1000i (Sysmex Co., Japan), a urine flow cytometer, which equipped with a red semiconductor laser beam (wavelength: 635nm) and two separated analytical channels with nucleic acid fluorescence staining or specified polymethine dye. When focusing a laser beam to irradiate the sheath flow of urine samples, the forward scatter (FSC) fluorescence can reflect cell volume, the side scatter (SSC) fluorescence can react with cell surface as well as the cytoplasm internal shape, and the fluorescent light intensity (FLH) can reflect the intensity of cell nucleic acid by a photoelectric signal analysis [4, 5] . Based on the above analysis parameters, the UF1000i has a series of software programs to quantify bacteria (BACT) counts, white blood cell (WBC) counts, and describe the scatter diagram of bacteria. In view of this study, we evaluated the diagnostic performance of the urine flow cytometer UF1000i for UTIs in comparison with the results of the gold standard urine culture and assessed the new software of the bacterial scatter diagram from UF1000i for bacterial morphology.
MATERIALS AND METHODS

Sample selection
Eight hundred eighty-nine urine samples were collected from 478 males and 411 females, aged between 2 and 100 years old (mean 66.01 ± 19.86 years). These samples were sent to our bacteriology laboratory with a clinical request for urine culture. All urine samples were collected in the morning in a sterile container under aseptic conditions. For females, samples were obtained by the mid-stream clean catch method after cleaning vulva. Detailed information of collection was in line with the principles of aseptic operation for Clinical and Laboratory Standards Institute (NCCLS document GP16-A2).
Urine culture
Urine samples were submitted to the bacteriology laboratory within 30 minutes and the whole process was performed within 2 hours after collection. Completemixed urine samples were inoculated with a 10 µL calibrated loop onto sheep blood agar plates and China blue agar plates for aerobic culture. The plates were placed in an incubator at 35°C for 18 -24 hours and one or two possible type pathogens were estimated by colony counts. Bacilli > 10 5 colony forming units per milliliter (cfu/mL), corresponding to cocci > 10 4 cfu/mL were considered as positive. If the bacterium was more than two species without a significant pathogen, they were considered as contaminated. The others were reported as negative. Bacterial identification was approved by applying ATB Expression semi-automatic system (bioMerieux, France). Negative or contaminative samples were not subject to bacterial identification.
UF1000i analysis
The Urine Flow Cytometer UF1000i (Sysmex Co., Japan) has two separate channels for urinalysis with lysis regents and specific dye. One channel uses a nucleic acid fluorescence staining only for BACT, another applies specified polymethine dye for other particles such as WBCs, red blood cells, epithelial cells, casts, crystals, yeast-like cells, etc. By using a red semiconductor laser to irradiate the flow cells after staining, every cell could flash fluorescence and scattered light. On account of FSC, SSC, and FLH, the histograms for BACT and WBC counts were gained. Based on the bacteria forward scatter (B_FSC) and the bacteria fluorescent light intensity (B_FLH), the scatter diagrams for bacterial morphology were obtained.
Statistical analysis
SPSS17.0 software and Microsoft Excel were used for general statistical analysis. The ROC curves of tests were assessed by the area under the curve (AUC) along with 95% confidence intervals (CI). They were created to estimate "sensitivity" and "1-specificity" at all possible cutoff values for BACT and WBC counts. The best cutoff values for BACT and WBC counts were assessed at the point where the "sensitivity + specificity" was maximized. At each best cutoff value, the sensitivity, specificity, accuracy, positive predictive value, negative predictive value, positive likelihood ratio, negative likelihood ratio, and the rates of misdiagnosis as well as the missed diagnosis rates were calculated. Analyses were also differentiated by gender. The best cutoff values of BACT and WBC counts in gender were compared using chi-square test. p-value < 0.05 indicated statistical difference, p-value < 0.01 indicated significant statistical difference. The bacterial morphology information between the UF1000i software indication was compared with the bacterial actual morphology identified by urine culture and Gram-staining.
RESULTS
The results of urine culture Among the 889 urine samples, 245 samples were identified as positive (27.6%) and 644 samples were reported as negative (72.4%). Out of the 245 bacterial culture positive samples (108 from males, 137 from females), single bacillus was identified in 196 samples, single coccus was identified in 44 samples, double bacilli were identified in 3 samples, and bacillus & coccus were identified in 2 samples (Table 1) .
The diagnostic performance of the BACT and WBC counts on the UF1000i
To forecast UTIs, ROC curves were used to create cutoff values of BACT and WBC counts in comparison with the results of urine culture. Out of 889 samples cultured, 245 cases were positive. The AUC for BACT counts was 0.973 and 95% CI was 96.0% -98.5%, which was better than WBC counts (0.829, 79.9% -85.8%) ( Figure 1A ). The best cutoff value of BACT counts was 119 per µL, and the sensitivity and specificity were 95.5% and 88.7%, respectively. While the best cutoff value of WBC counts was 81.5 per µL, and the sensitivity and specificity were 77.6% and 76.7%, respectively. Moreover, the sensitivity (74.3%) at the best cutoff value of BACT combined with WBC counts was lower than BACT or WBC counts alone, but the specificity (93.2%) was higher ( Table 2 ). In addition, the role of gender on predicating UTIs was also assessed. Among 411 female samples, 137 cases were positive of urine culture. Similarly, in 478 male samples, 108 cases were positive. The AUC for BACT and WBC counts in females was 0.958 (95% CI: 93.5% -98.1%) and 0.815 (95% CI: 77.3% -85.7%), respectively ( Figure 1B ). While the corresponding numerical value in males was 0.986 (95% CI: 97.6% -99.6%) and 0.832 (95% CI: 78.8% -87.7%), respectively ( Figure  1C ). The best cutoff values for females were 583 BACT per µL and 137.5 WBC per µL and for males 118 BACT per µL and 91 WBC per µL (Table 3) . Date demonstrated that the best cutoff values of BACT and WBC counts in gender were significantly different (p < 0.01).
The diagnostic performance of the scatter diagram of bacteria on the UF1000i
Based on the information of B_FSC and B_FLH, the software of UF1000i can form the scatter diagram to identify the morphological category of bacteria according to the reference [6] . When the angle of the scatter cloud with x-axis < 30°, the bacterium was classified as bacillus, while if the angle ≥ 30°, the bacterium was classified as coccus (Figure 2A, 3A) . Of the 44 cocci samples, 30 samples had the angle ≥ 30°, while 12 samples formed the angle < 30°, and the remaining 2 did not form any angle in scatter diagram. So, the urine flow cytometer UF1000i classified bacilli and cocci with 83% and 68% accuracy, respectively ( Figure 2B, 3B ).
DISCUSSION
The gold standard test to diagnose UTIs is the urine culture. However, the concentration of positive urine culture with the diagnostic criteria is still a matter to debate [7] [8] [9] . In this study, bacilli > 10 5 cfu/mL or cocci > 10 4 cfu/mL with one or two significant pathogens as the positive results of urine culture. In view of this standard, patients with frequent UTIs came from a heterogeneous population. However, the final antibiotic sensitivity report was only available at least 48 hours later. This time-consuming and labor-intensive work often leads a delay in diagnosing UTIs. It implies that the suspected patients would have to suffer a delayed treatment without the results of urine culture. Furthermore, a rapid and efficient screening method should be introduced in order to avoid unnecessary urine culture. Herein, the urine flow cytometer UF1000i was introduced and the diagnostic performance for predicting UTIs was evaluated by comparing with urine culture. In this present study, BACT counts, WBC counts, and the scatter diagram of bacteria from the UF1000i were analyzed. However, the statistical database of yeast was not analyzed because the UF1000i has a special parameter to describe it. In addition, whether it can be diagnosed as a UTI is still controversial in the clinic when yeast grew on the culture plate. Our study showed that the UF1000i can be regarded as a suitable method for screening of UTIs. Earlier studies have shown that the UF1000i could precisely achieve the sensitivity of 93% and specificity of 86% with the best cutoff value of 288.9 BACT per µL, sensitivity of 89%, and specificity of 79% with the best cutoff value of 31.8 WBC per µL when compared with urine culture at pathogens > 10 5 cfu/mL [10] . If using a markedly lower cutoff value of 125 BACT per µL, a better sensitivity (97%) and specificity (94%) was obtained, along with the slightly higher cutoff value of 40 WBC per µL, a better sensitivity (99%) but worse specificity (77%) was acquired [11] . In this study, the best cutoff value of 119 BACT per µL (sensitivity, 95.5%; specificity, 88.7%) was similar to previous reports, but the best cutoff value of 81.5 WBC per µL (sensitivity, 77.6%; specificity, 76.7%) was clearly higher than the other studies. Considering the best cutoff values of BACT and WBC counts together, the diagnostic performance (sensitivity = 74.3%, specificity = 93.2%) was poorer than BACT counts alone. Eventually, the diagnostic performance of BACT counts was better than WBC counts or BACT combined with WBC counts, it was consistent with the other studies [12, 13] . Due to the difference in anatomical structure between females and males, the gender was also assessed in the diagnostic performance of UF1000i. Data suggested that the best cutoff values of BACT and WBC counts in females were significantly higher than males. The UF1000i had a higher sensitivity (97.2%) of BACT counts but a lower sensitivity (75.0%) of WBC counts in males than that in females. Therefore, for the diagnosis of UTIs, gender should be taken into consideration for determining the best cutoff value [10, 14, 15] . From the point of morphology, cocci aggregate to irregular chains or grape-like clusters, which are classified to large granules by UF1000i; on the other hand, bacilli could be sorted to small granules [16, 17] . The scatter diagram of bacteria by UF1000i was related to B_FSC and B_FLH. The previous study demonstrated that the scatter diagram of bacteria can be used to differentiate bacterial morphology [2] . If the angle of the scatter cloud with the x-axis was less than 30°, the scatter diagram suggested bacilli present, while the angle equal or greater than 30° indicated the presence of cocci. In this study, the coincidence of the bacterial morphology information between the UF1000i software indication and the bacterial actual morphology identified by urine culture was 83% (bacilli) and 68% (cocci), respectively. According to the literature, UTIs are mainly infected by bacilli (e.g., Escherichia coli, Proteus mirabilis), this was consistent with our study [18] . The results further reveal the fact that the bacterial scatter diagram of the UF1000i is useful for a preliminary differentiation of bacterial morphology, especially for bacilli, which can help physicians to choose antibiotics before the reports of urine culture and is beneficial to the early diagnosis and treatment. Our study has some limitations. We only determined different cutoff values between females and males. Results might differ in other conditions: in a setting different cutoff value between mid-steam urine and invasive collected urine, and making separate cutoff values for cystitis vs. pyelonephritis, pregnant women, bladder urine associated with indwelling, etc.. Nevertheless, with the development of new products and technologies, a new, fully automated, third generation urine flow cytometer UF5000 following the UF100 and UF1000i is now available. A study suggests that the UF5000 has an increased performance compared with UF1000i on the whole, except for WBC [19] . Otherwise, no study of BACT was done. The urine flow cytometer UF1000i has some deficiencies, such as false negatives when bacteria at a low concentration [20] . However, a real-time method for the UF1000i is widely used in laboratories, and the urine flow cytometry is sufficient for physicians to initially predict UTIs and prevent patients from delayed treatment.
